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Lattice Averages

We have independent lattice results from different lattice groups using different
methods for an increasing number of quantities

= need averages = inputs into UT fits

e two efforts:
1. FLAG -1 (Flavianet Lattice Averaging Group)

Colangelo, et al (Eur. Phys. J. C71 (2011) 1695, http://itpwiki.unibe.ch/flag/) 12 people (EU)
light quark quantities only

2. LLV (Laiho, Lunghi, Van de Water)

(Phys.Rev.D81:034503,2010, http://latticeaverages.org/)
light and heavy quark quantities

+ UT fits with lattice averages as input
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Lattice Averages

We have independent lattice results from different lattice groups using different
methods for an increasing number of quantities

= need averages = inputs into UT fits

two efforts:

1. FLAG -1 (Flavianet Lattice Averaging Group)
Colangelo, et al (Eur. Phys. J. C71 (2011) 1695, http:/itpwiki.unibe.ch/flag/) 12 people (EU)
light quark quantities only

2. LLV (Laiho, Lunghi, Van de Water)
(Phys.Rev.D81:034503,2010, http://latticeaverages.org/)

light and heavy quark quantities

+ UT fits with lattice averages as input

FLAG -2 (Flavor Lattice Averaging Group)  http:/itpwiki.unibe.ch/flag/
28 people (EU, US, Japan) representing the big lattice collaborations
light and heavy quark quantities

1st review (arXiv:1310.8555 with April 30 deadline — revision in progress with November 30 deadline)
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Ensemble overview

ensembles used for new HQ results
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MILC used by FNAL/MILC, HPQCD, SWME
RBC/UKQCD used by yQCD
ETM used by Orsay
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Heavy Quark Treatment

« For light quarks ( m, < Aqcp, discretization errors ~ af(aAqcp)™
k

 For heavy quarks, discretization errors ~ o

with currently available lattice spacings
for b quarks amp > 1
for charm am.~ 0.15-0.6

(amp)™

need effective field theory methods for b quarks
for charm can use light quark methods, if action is sufficiently
improved

* avoid errors of (amyp)" in by using EFT:
+ relativistic HQ actions (Fermilab, Columbia, Tsukuba)
+ HQET
+ NRQCD

or

e use improved light quark actions for charm (HISQ, tmWilson, NP imp. Wilson, Overlap, ...

and for b:
+ use same LQ action as for charm but keep amp, <1,
+ use HQET and/or static limit to extrapolate/interpolate to b quark mass
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Heavy Quark Treatment

Relativistic Heavy Quarks
(Fermilab, Columbia, Tsukuba)

« start with a relativistic action, usually Wilson + O(a) improvement
» with mass-dependent matching conditions, cut-off effects are

of f(mpa)(aA)™  with
amp ~ 1: f(mpa) ~ O(1)

current implementations:
FNAL/MILC: tree-level tadpole O(a) improved + 1-loop PT
PACS-CS: tree-level O(a) improved : NP @ m,=0 + 1-loop PT for m,
dependence
RBC: NP O(a) improved
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Heavy Quark Treatment

NRQCD:
» expansion in v?or A/my, and a

« continuum limit defined as @ — 0 does not exist
(power-law divergent terms in coefficients)

* keep mpa > 1, i.e. a finite.

« “continuum limit" at a # 0:

match and improve to high enough orderin A/mj, and a
so that residual truncation and discretization errors are small

* needs a scaling window where aA < 1and mpa > 1

for b quarks = @ > 0.05 fm

Current implementation (HPQCD):
e errors ~ O(a,v?), O(asv?), O(v°), O(as(al)?)
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Heavy Quark Treatment

HQET:

@ leading term, static limit:
 O(a)improved, 1/m, effects not included
» SU(3) breaking ratios have suppressed truncation errors

@ systematic expansion in 1/mg
@ matching NP to obtain 1/m¢ accuracy
current implementations:

HQET (ALPHA): NP matched through 1/m¢g + NPR
error ~ O(aA?/my, (A/mp)?, (al)?)

static (RBC/UKQCD): for SU(3) breaking ratios,
1/mq error estimated by power counting
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Heavy Quark Treatment

Light Quark Actions for b quarks
e Heavy HISQ method (HPQCD):

@ HISQ action is highly improved for heavy quarks:
~ asN/my(amy)?, (A/my)?(amy)?

@ MILC ensembles with a ~ 0.045 — 0.15 fm
Q@ keep amyp, < 0.85

@ extrapolate to b quark mass using HQET inspired expansion.
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0.35

st (G@V)

0.15

HPQCD sees similar behavior for other HL quantities. For HH quantities

Heavy HISQ method

HPQCD 11A (Phys.Rev. D85 (2012) 031503)

3 4 5
mg. (GeV)

discretization errors are a bit larger (but still small).
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Heavy Quark Treatment

Light Quark Actions for b quarks
e Ratio Method (ETM):

@ use improved action with amy < 0.6

@ construct ratios (z) of quantities so that mp, — 00 : 2z — 1
For example, for

fB:é(mn) = faey/ma . z = ¢(my)/¢(mp/N)
where A ~ 1.2

@ discretization errors are suppressed for such ratios

@ use HQET to extrapolate to physical b quark mass.
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@ D meson physics

e |eptonic

fp.fp.. fp./fp

e semileptonic D — K (m)fv

o Vcs and Vcd
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D and Ds; meson decay constants

example: Dg_ — ,u+ vy,

I'(Df — ptv,) = (known) x X f%j

@ use experiment + LQCD input for determination of CKM element
@ same for B (|Vus|) meson

@ experimental uncertainty (Rosner & Stone, arXiv:1309.1924):
Ds: 1.8% D" 2.4%

radiative correction of ~1% included for muon final state
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FLAG-2 plot conventions

HIH Satisfies all quality criteria; included in average.

H I Satisfies all quality criteria, but not included in average because
the result is superseded or published in a conference proceedings.

HHH Doesn't satisfy all quality criteria; not included in average.

\# FLAG-2 average for each Ny

—&)— Non-lattice result
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My ELAG=Z plot conventions

New results. Not rated for FLAG-2 quality criteria; not included in
average.

Satisfies all quality criteria; included in average.

Satisfies all quality criteria, but not included in average because
the result is superseded or published in a conference proceedings.

Doesn’t satisfy all quality criteria; not included in average.

O

HElH

HH

HH

w FLAG-2 average for each Ny
-

Non-lattice result
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D and Ds; meson decay constants

FAG2013 1D fo,
small errors due to
— HHH FNAL/MILC 12B HH ] ) )
+ 4+ highly improved action
+
Iy (HISQ)
Il HIElH HPQCD 12A H.H .
4 | w . FnaUMILC 11 | - + absolutely normalized
H—{—HPACS-CS 11 - current
— H H HPQCD 10A = ]
I A HPOCD/UKOCD 07 - + Asqtad_ensemb_les with
I I FNAL/MILC 05 small lattice spacings
s
1.6% —>mie< our average for Ny =2+1 —)n(— 1.1 0/0
- ETM 11A e
Cﬁl —{1—H ETM 09 —
f —l— our average for Ny =2 -
180 200 220 240 230 250 270
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D and Ds; meson decay constants

fp fp,
T 0.5% =»O FNAL/MILC (Lattice 2013) Og= ().5%
— —O— ETM (Lattice 2013) O
X W FNAL/MILC 12B s
I
= yQCD (Lattice 2013)
il HPQCD 12A
—— FNAL/MILC 11
~—{ ——=PACS-CS 11
— H H HPQCD 10A
X HH HPQCD/UKQCD 07
Il : { ! FNAL/MILC 05
rd 1.6% _).I(__ our average for Nf=2
=+  ALPHA (Lattice 2013) H(+
<O ETM (Lattice 2013) = O
., ETM 11A -
Cﬁl — ETM 09 —
= — our average for N¢=2 -
180 200 220 240 230 250 270

New results (shown
iIn magenta) not
included in FLAG-2
averages.

small errors due to

+ physical light quark
masses

4+ highly improved action
(HISQ)

4+ absolutely normalized
current

+ HISQ ensembles with small
lattice spacings (0.06 fm)

New results with other improved actions (DWF, twisted-mass
Wilson, NP Wilson)

A. El-Khadra, Lattice meets Experiment, Fermilab, 07 Mar 2014

19

Saturday, March 8, 14




semileptonic D decay

example: ) s K /1

dI'(D— K /v 2
D219 (o) e [V Y E168)

* HFAG average for f1(0)|Vesay|: 0.6% (2.1%)

* experimental average neglects Coulomb correction in neutral
meson decay ~1%

* use shape to test LQCD and improve CKM determination
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Form factors for D — K (m)lv & V.4

——+— ——+ FNAL/MILC 04

Dn DK
f+ (0) f+ (0)
HPQCD 13 HOH
@ HPQCD 11/10B -

[ ]

New results (shown
iIn magenta) not
included in FLAG-2
averages.

small errors due to
4+ highly improved action
(HISQ)

T
N .
I @ | ouraverage for Ne=2+1 | 4+ absolutely normalized
Z | 4.4% =—> < = <« 2.5%]| current
improvement due to
. :
O — ETM 11B o adding shape
N new results coming soon
z + ETM
055 065 075 065 070 0.75 0.80  * TNALMILC
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Implications for V.4 & V.,

rac2013 | Ved Vel

—+#-+— HPQCD 12A/10A ——
i — FNAL/MILC 11

T A—+ HPQCD 11/10B

i
— our average for N¢=2+1

>| 3.8% > <«oUraverage forhr=2+ « 2.1%

——m—— ETM 11A —

o~

[!_ ] our average for Ny =2 B

Z

.3_3 ——@—— neutrino scattering

)

= ° CKM unitarity °

¢

o

c Il Il Il Il Il

0.20 0.22 0.24 0.95 1.05
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@ B meson physics

e |eptonic
fB, B, fB./fB

e semileptonic heavy to light

B—mlv &V, Bs— Klv B— K(m){ti
e BtoDorD*decays

B — DWw & Vo,
B, — D lv
B — Drtv
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B and B; meson decay constants

experimental measurement suffer from helicity suppression

BT w1ty

Experimental average for branching fraction: 25%

By — ptp~

Experimental average for branching fraction: 24%
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B and B; meson decay constants

N fB fB
jp— . . . — New results (shown
& —— ETM (Lattice 2013) —C— N magenta) not
3 {3 HPQCD13 -+ included in FLAG-2
averages.
! D (Lat.13) static ; , O
tOH RBC/UKQCD (Lat.13) RHQ, statj & 5-only
HPQCD 12
_ = HPOCD 12 / 11A :.Hl* smalll errors due to |
g FNAL/MILC 11 | - + highly improved action
L 990, HPQCD 09 SN 5 00 (heavy HISQ method)
. our average Ttor =2+ .
—> ge for T —>m< 2.0% | 4 apsolutely normalized
ALPHA (Lattice 2013)  —f— current
ETM (Lattice 2013) —
| ALPHA 12A
L emm12s “Ta HPQCD 13:
o | Ermaia e + physical mass ensembles
= —L—L ETM 09D = H— + NRQCD-HISQ
—— ouraverage for Nr=2 - perturbative matching error
150 175 200 225 210 230 250 dominates
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Form factor for B — wév & Vi,

B — wly

d wly ) 2
F(i;; ) (known) w X ’f+(q2)’

* shape for semileptonic B decays:
use z-expansion for model-independent
parameterization of g> dependence
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Form factor for B — wév & Vi,

03 | | | | | f-lvaZIOl3
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i
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Form factor for B — «wlv & V,,

0.8 | I | I T T T T I T I T
FTAG2013 [t FTAG2013
0.7 -1+ T
N""‘\
S 06 —@ 1 ®
= t
~ 205 -
5
N
< 041 o=
® FNAL/MILC 08A ® FNAL/MILC 08A
03F | m HPQCD 06 I | m HPQCD 06
* Belle * BaBar
02 | 1 | I | 1 I I I | | | | | | | | | |
-0.2 -0.1 0 0.1 0.2 -0.2 -0.1 0 0.1 0.2
2 2
Z(q ’ropf) Z(q ’topt)
Determine Vup from combined fit.
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Implications for Vy;

3

r : B—1v
T
% —A— B—nxfv (Babar)
= } 6.3%

—A— B—ntv (Belle)

(ﬂ' r — B—1v
vl
S
ks —— HFAG Inclusive
|
é Il Il Il Il 1 l
2.5 3.0 3.5 4.0 4.5 5.0 5.5
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Form factor for B — «wlv & V,,

D. Du (FNAL/MILC) @ Lattice 2013
* blind analysis

— L;:\t. alone z-‘expansion‘
0.6} — Lat.+exp. z—expanSion(X_Qzl.Q) | ° ]\[f: 2+1 (Asqtad)
~<| ® ® BaBar 12 bins(combined) ,
S&; } T | W Belle 13 bins(neutral) *4a S, 12 ensembles
0.5 _—— NG~ ¢ ¢ Belle 7 bins(charged) 1 e Fermilab b quarks
s
3§ oal | . e new functional method for
= z-expansion fit after chiral
o extrapolation.
0.3} |
PRELIMINARY + + * systematic error analysis
I ! > in progress.
02 lattice data range | N Prog
-0.3 02 ~01 0.0 0.1 0.2 0.3

z

also in progress: Y. Liu (FNAL/MILC) B, — K/lv & V.
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Form factor for B — wév & Vi,

T. Kawanai (RBC/UKQCD) @ Lattice 2013

2
/d.0f. =041, p-value = 66%
0.20 x [¢.0 o vaue = obv

 Ny=2+1 (DWF)

preliminary

f, ,
sl 2 a’s, 5 ensembles
0.15 + — mixed z-fit i ° RHQ b quarkS
<ol | e systemati lysi
= 010 systematic error analysis
_Q

in progress.

0.05 f

-0.3 -0.2 -0.1 0 0.1 0.2
Z

0.00

also: recent work by HPQCD (C. Bouchard @ Lattice 2013)
using NRQCD-HISQ quarks
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Form factors forB — K¢ ¢~

C. Bouchard (HPQCD) @ Lattice 2013
based on 1306.0434, 1306.2384

3 3
-5 L data o5 L data
2+ ) L
1.5 | 15 L
b f+ £ L fr
0.5 05 F
0 | | | | | I 0 ] ] l l I I
0 4 8 12 16 20 24 0 4 8 12 16 20 24
q” [GeV?] g’ [GeV?]

also in progress: FNAL/MILC (R. Zhou @ Lattice 2013)
using Fermilab b quarks
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Form factors for B

— K0T~

SM theory compared to experiment

(courtesy of C. Bouchard)

0.6
Jy  y(2S) Belle
0s |- BABAR
— ' CDF
L LHCD [16]
8 04 —e— LHCb [17]
o WANRRE
E con s Pa N
N~ 02 B
S N
0.1 | \i
0 | | | | | \
0 4 8 12 16 20 24

g° [GeV?] based on 1306.0434, 1306.2384
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Form factors for B — D™y & V.

dI‘(B:wD*Ey) — (known) ><>< (w? — 12| F(w)]?

dF(BCzJDéu) _ (knOWIl) ><>< (w2 o 1)3/2|Q(w)|2

at zero recoil (HFAG 2011):
B — D*fv : |Vy|F(1) = (35.90 £ 0.45) x 1073
B — D |[V|G(1) = (42.6 2 1.5) x 1073

= need form-factors at non-zero recoil for V., determination from B — D/{v

Note: the experimental average doesn’t include Coulomb correction
(~1%) for the neutral meson decay
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Form factors for B — D)y & Vo

PBfD*m)I

g

B—D

T (’I)x

+

Ne=2+41

—

1.8% =

1.4% =—»—1€

FNAL/MILC (Lat'13)

FNAL/MILC 10

“+—— FNAL/MILC 08

<

our average for Nr=2+1

N =2

Atoui 13

0.85 0.90

Also recent work on By — D™ form factors

0.95

1.00 1.05 1.10

New results (shown
In magenta) not
included in FLAG-2

averages.

FNAL/MILC:
small errors due to
+ use of ratios
+ 2013:
5 a’s, 12 ensembles

4+ new results by Orsay group
using ETM ratio method

4+ work in progress:
HPQCD (NRQCD-HISQ)
Bailey (OK action)
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Implications for V;

3
| Veolx10
— New result (shown
In magenta) not
FNAL/MILC B—D (Lattice 2013) InC|Uded In FLAG-2
. average.
—HT—O—+ FNAL/MILC B—»D (Lattice 2013)
L 1 FNAL/MILC 10
* FNAL/MILC 2013
|J_ I our estimate for Ny=2+1 (arXiV: 1403 063 5)
Z
+ estimate of Coulomb
. o
s eisive correction included, adds 0.5%
@ error
8 ——@—— HFAG Inclusive
= + LQCD error commensurate
2 with experiment

38 39 40 41 42 43
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other interesting quantities

*B, — D,lv/B — D{v & By, — putpu— (Fleischer et al, arXiv:1004.3984):

£ (M2)

T

2
TRO €EDK ND T 1
0.0743 x B2 « T | % Nre=|"m "
@ Tho LDSw NDK] N Np {f(d)(M%)]

form factor ratio calculated in lattice QCD

* R(D)=Br(B — Drv)/Br(B — D/v)
measured by BaBar, observed tension with the SM
depends on scalar form factor
calculated in lattice QCD
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@ Neutral meson mixing

* Bmesons fp\/Bg, fe.\/Bs.,¢

e D mesons
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neutral B, and B; meson mixing

example:

BY) — BYmixing

AM; = (known) <W (B Oap—2|B°)

also: e ft%d BBd

Vis
Vid

2
X €2 with gEfBSVBBS
fBy4\/ BBy

* many groups also calculate BSM mixing parameters (O1_5)
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B and B; meson mixing parameters

& T

RBC/UKQCD (Lat.13) static
O FNAL/MILC 12
] : RBC/UKQCD 10C

+
N — HPQCD 09
I
r4

B our average for N¢=2+1

—— ETM (Lattice 2013)
—_ ETM 12A,12B
o~
I
r4
1.1 1.2 1.3 1.4

New results (shown
N magenta) not
included in FLAG-2
averages.
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B and B; meson mixing parameters

Bg, Bs,
— RBC/UKQCD
A HPQCD 09 ——
<-|11|_ HPQCD 06A —{—1
v () )
7'9 /0 —— our estimate —l 4'5 /0
—» |[€ —>»> |«
—0— ETM (Lattice 2013) O
i —— ETM 12 —{—
rd

10 1.2 14 16

10 1.2 14 16

New results (shown
N magenta) not

included in FLAG-2
averages.

4+ new results coming soon

FNAL/MILC
ETM
HPQCD
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B and B; meson mixing parameters

J. Chang (FNAL/MILC) @ Lattice 2013

1.2

04 T r T T ; ; ;
0.00 0.02 0.04 0.06 0.08 010 0.12 0.14
rm
1 'q

FNAL/MILC:

+ 4 a’s, 14 ensembles

+ Fermilab b quarks

+ systematic error analysis in
progress
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D meson mixing parameters

matrix elements of local operators only

J. Chang (FNAL/MILC) @ Lattice 2013 ENAL/MILC:
0.45- + 4 a’s, 14 ensembles
. 4+ Fermilab charm quarks

0401 % g ? + systematic error analysis in

035 g %#E %Y progress
o0 1L T % % ETM (Lattice 2013):
o 0.25] I“% f #‘YI { % + new results with Ny=2+1+1
o i ‘ ‘1 3 and Ny=2

0201 g1 T + using tmWilson charm

0.15- quarks

0.10 - - - . . ; :
0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14
r.m,
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Conclusions & Outlook

 three groups have already generated ensembles with light sea quark
masses at their physical values
= expect to see an increasing number of physics results with these

and an increasing number of such ensembles

e light quark methods for charm: HISQ, tmWilson, NP Wilson, DWF, ....
= high precision

e heavy quark methods for b: NRQCD, HQET, Fermilab, RHQ, Tsukuba,
heavy HISQ, ETM ratio method, ...
look for consistency between results with different methods

e If discretization/truncation/matching errors dominate, gain from physical
mass ensembles is less apparent
heavy HISQ, ETM ratio method look promising

e averages: FLAG-2 = use as inputs to UT fits

e expand LQCD calculations to weak decays of heavy baryons (in progress)

vector meson final states (in progress)
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600

Conclusions & Outlook

|
ol . 1 ® ETMn=2+1+1
® e B MILC nr=2+1+1
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Summary

Quark Flavor Physics Working Group (arXiv:1311.1076)

Quantity CKM Present 2007 forecast Present 2018
element expt. error  lattice error  lattice error  lattice error
fr/fx | Vs | 0.2% 0.5% 0.4% 0.15%
£m(0) Vs | 0.2% — 0.4% 0.2%
fp V.4 4.3% 5% 2% 0.5% < 1%
fo. Vo] 2.1% 5% 9% 0.5% < 1%
D — wlv V4 2.6% - 4.4% 2%
D — Klv |Ves| 1.1% - 2.5% 1%
B — D*lv |Vep| 1.3% - 1-8%1.4% < 1%
B — wly | Vs 4.1% - 87% — ~4% 2%
B Vo] 9% - 2.5% <1%
19 \Vis/Vidl 0.4% 2-4% 4% < 1%
Amg Vs Vip |2 0.24% 7-12% 11% 5%
Bx Im(V3) 0.5% 3.5-6% 1.3% < 1%

Table 6. History, status and future of selected lattice-QCD calculations needed for the determination
of CKM matrix elements. 2007 forecasts are from Ref. [112]. Most present lattice results are taken from

latticeaverages.org [113]. The quantity £ is fs,+/Bp./(fBvVBB).
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Conclusions & Outlook

» Sub leading effects:

* |sospin: leading order correction included via tuning light valence quarks
(can also include EM isospin corrections)
effects due to the degenerate sea ~ NNLO in ChPT

e errors can be further reduced:
simulations with 1+1+1+1 sea quarks (nondegenerate)
add QED

e radiative corrections:
are already relevant for heavy quark physics ~0.5%
not straightforward

* include charm quark in sea v
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)]

- later

~ 2015

~ NOW

past

Motivation

time line: quark flavor experiments

. a rich history and exciting future!

great discovery potential!

Project X
ORKA

Belle II, LHC upgrade
NAG2
KOTO

LHCb, BaBar, Belle, BES llI
CDF, DO, CLEO-c, KLOE, ...

ARGUS, CLEO, NA48, KTeV, BNL kaon experiments,...
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Motivation: By — u*u~

S. Hansmann-Menzemer @ EPS 2013
Combined LHCb + CMS Result

Observation:

BR(B; — utpu")=(29+0.7) x 107

BR(B — utpu~) =361 x 10710

-1
DO 104t CDF 101" Y
CDF 10fb' [—
ATLAS 4 .9fb™ . LHCb 3ib™'
preliminary N
LHCh 3fh™ = o
CMS 251
EsMm
CMS 25b' |-
CMS+LHCb
Cl\r;ISu:-ll:Igfb | preliminary [~
p ¥ valy s o by by by bvw o b o By by by a a1y P e by b e o by by b
o 2 4 6 8§ 10 12 14 16 18 20 22 0 1 2 3 4 5 6 7
B(BU— ) [107] B(B'— p) [107]

LHCb-CONF-2013-012, CMS-PAS-BPH-13-007
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Motivation: By — p ™~

2.7%

Standard Model prediction: Buras, et al, arXiv:1303.3820

4.0%

BR(B, — putp )sm = 3.25 x 1077 M T 2 B, Vi Vis
SR 173.2 GoV 295 Mev ) \ 1.500ps / |0.0405

2

uses J B, from HPQCD 13 0.7%

0.8%

M 1.6 5 1.33 AM
BR(B, — i )am = 3.38 x 1079 | ———— x - s
(Bs = 117 )sm X (173.2GeV) (1.500ps> Bg, (17-72/p8>

4.5%

uses BBS from HPQCD 09
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Motivation: CKM Unitarity Triangle

2007
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summary: inputs for the UT fits

Enrico Lunghi

latticeaverages.org
Lattice 2013

BR(B — mv) = (1.124+0.27) x 104
Ampg, = (0.508 £ 0.004) ps~!
Amp = (17.78 £0.12) ps—!

My pote = (173.5 = 1.0) GeV

m.(m.) = (1.273 £ 0.006) GeV
a=(89.5%+4.3)°

ex = (2.229 £0.012) x 10~

Syx. = 0.668 = 0.023

m = 1.87 £ 0.76

15 = 0.5765 + 0.0065

73 = 0.496 % 0.047

ng = 0.551 £ 0.007

v = (66 £ 12)° [CKMfitter|
A = 0.2253 £+ 0.0009

By = 0.766 + 0.010
ke = 0.94 &+ 0.02

fB.y/ Bp, = (266 + 18) MeV
|Vad)ip = (4.34 £0.1610:33) x 1073

incl =

|Vib| ey = (3-41 £ 0.20) x 10—3
Vibayg = (3.77 £0.44) x 10~3

fi = (156.3 £0.9) MeV

fB = (190.5 + 4.2) MeV

¢ = f5,V/B,/(fp,V/Ba) = 1.268 +0.063
|Ves|;peg = (41.68 £ 0.44 £ 0.09 + 0.58) x 1073
[Veb| ooy = (39.55 % 0.72 £ 0.50) x 103

Ves).... = (40.8%1.0) x 10—3

avg =
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summary: UT fit output

. . latticeaverages.or
Enrico Lunghi (LLV) ‘ Lattice 2013 \

The predictions from all other information when the direct determination of the quantity is

removed from fit are

V| = (3.494+0.13) x107° (0.6 o)

Syx = 0.757 £0.050 (1.7 o)

V| = (4248 £1.1) x107% (1.1 0)

Bx =0.855+0.11 (0.80 o)

de\/E?d — (206.3 £ 5.4) MeV  (0.61 0)

BR(B — 7v) = (0.776 £ 0.065) x 107* (1.2 o)
f, = (228. £29.) MeV (1.3 0) complete fit

fB, = (208.2 £31.) MeV (0.56 o) without using Syx
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